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ABSTRACT

fhe eftects of one and two autoinjecto' equivalents of
atropine sulfate (2 and 4 mg/70 kg ira) on contrast
sensitivity were measured in eight male volunteers, ages 22
to 39 yr. Using an automated contrast sensitivity machine,
volunteers were required to detect sinusoidal gratings of
0.5, 1.0, 3.0, 6.0, 11.4, and 22.8 cycles per degree. At two
hr after injection, no atropine effect was observed for any
frequency.
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Penetar and Eearney - 1

INTRODUCION

Atropine is a potent and long-lasting anticholinergic
agent. Its mydriatic and cycloplegic effects on visual
acuity anrid accommodation have been studied. Recently baker
(1) and Jampolsky (2) and colleagues reported that following
injections of 2 and 4 mg of atropine per 70 kg of body
weight there was no effect on either high or low contrast
visual acuity at a distance of 20 feet. On the other hand,
low-contrast visual acuity at 40 cm is affected by 4 mg
atropine per 70 kg. These visual effects had a relatively
slow onset and were long-lasting, beginning about 4 hours
after injection and persisting for at least 7 hours after
injection. Recovery was observed the following day.

Visual acuity may be closely correlated with the ability
to resolve targets cf high spatial frequency. Measurements
of visual acuity do not provide information on the ability
to resolve low and mid-range spatial frequency details. P'any
military tasks, such as detection and tracking of vehicles,
require resolution in these spatial frequency ranges.

ihe contrast sensitivity function measures at a fixed
luminance the minimum amount of contrast between target and
background required for discrimination of targets across the
spatial frequency spectrum. It is the reciprocal of the
threshold contrast. k'easurement of the contrast sensitivity
function makes it possible to characterize a broad range of
visual Junctions rather than define only the upper boundary
of spatial resolution.

Veasurement of the contrast sensitivity function has
been employed in studies on the effects of 2 and 4 mg/70 kg
doses of atropine in humans. [our hours after a 2 mg/70 kg
dose of atropine, a small but consistent loss in sensitivity
was found at all spatial frequencies, when tested at a
distance of 40 cm. Significant decrements were found only
for spatial frequencies of 5 and 20 cycles per degree (1).
In another study frequencies between 3 and 7 cycles per
degree were not affected by a dose of 4 mg/70 kg (3).

Although these studies show that atropine affects
contrast sensitivity when tested at reading distances (40

M(), they (ht not address the quest ion ,f t atropi ne ef fects on
di ,tane ( i v 20 It and beyond) contrast sezisi tivity. 'Ihe
nature of the contrast sensitivity function after atropine
for distances beyond 40 cm has important military
consequences as soldiers are required to resolve targets at
distances *ell beyond this distance.

%'4
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Penetar and Kearnev - 2

It has been observed that atropine's maximum effect on
nursuit trackinq performance occurs in parallel to its
maximum ef'ect on pupil size and accommodation and dues not
correspond to this drua's maximum cardiovascular effects
(3). The trackinn task is done at optical infinity and the
reasons for the observed trackinq decrements are unlikely to
be due to pupil and accommodative chanqes alone. Changes in
distance contrast sensitivity may be a factor. Therefore,
durinq a recent field evaluation of atropine's effects on
trackinq (4), we also measured distance c-ontrast sensitivity
on a hr,)ai-r r-i nq of sr-t ia I freciun -i s hian prey tV j l sY
r 1),)r t vl

METHODS

Participants: Eioht male volunteers between the aqes of
22 and 39 were selected for this study. All were in
excellent health. They all had either uncorrected visual
acuity of 20/20, or were correctable to 20/20 with spectacle
lenses. Most were emmetronic or had an error of refraction
within 1 diopter of emmetropia. One volunteer had a
refractive error of 3 diopters myopia. Ophthalmoscopy,
tonometry and slit lamp examination were normal. Corrective
..-o-ctacles were worn by those volunteers whose listance
'Pvisual acuity wis less than 20/20.

Procedures: The contrast sensitivity function was
measured usinq a Nicolet CS-2000 test system. Threshold
determinations were made for six frequencies: 0.5, 1.0,
3.0, 6.0, 11.4, and 22.8 cycles per deqree. The test was
conducted in a briqht interior environment, with no direct
sunlight. Volunteers viewed a 13 inch black and white TV

C- monitor from a distance of 10 feet. The display contrast
beqan at 0 and increased under computer control. Volunteers
were required to press a button when they detected the
appearance of a sinusoidal qratinq. Each frequency was

I. nresented five times and the mean Iori threshold contrast was
recorded. This method is similar to an ascendinq method of
l imits nr, ychonhysical procedure.

' nt r-st 'n;(in t j i ty functions w-'re qornerateli for each
inflividut1 for fo-ir driiq conditions: 1) bhseline (no druq),
2) saline pliacpho, 3) 2 mq/70 kq, and 4) 4 mq/70 kq atronine
sulfate. Injections were aiven intramuscularly 2 hours
before tst in7 in a double masked fashion. Order was
counterblan'ed across volunteers. Data were analyzed by
me-ans of , -wav ren,'atpd m;istires analysis o)f variance
(f11P-2V) (5). Separaf,' ANOVAs were nerforme'1 on thf data

r-~ v~~ -. r, n *



Penetar and h'earney - 3

RESULTS

('oir~ s., :unsi L. I vi ty I unc t ioni lr each inljection
condition across the frequencies tested is shown (Figure).
The shape of the function observed under baseline condition
is typical of normal human functioning. Differences across
frequencies are highly significant (f-10.27, df=5,35,
p<0.0000), confirming t he f R c t t h at humans are
differentially sensitive to frequencies within the range
tested. Peak sensitivity occurs within the 5 to 8
cycles/degree range with considerable less sensitivity at
frequencies higher or lower.
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rlgure. Contrast sensitivity functions for four drug
conditions 2 hr after injection.



V Penetar and Kearney - 4

Inspnection of the f igure suciests dif ferences amono the
injection conditions, esnpially at frecinencies 3 cycles ner
degiree and above. The larQest differences wore observe3 ;it
22 cycles ner dearee. All ohserved difference s were small
and nonsiginific-ant, however (F=0.77, dif=1,21, n<0.525P).

DISCUSSTON

Previouis reports have shown antichol i rierq ic ef fect-,~ onl
contrast sleni t iv ity us ina other tests (1,3,6). Other
researchers kisina the same apparatus found a signif icant
effect with 4 mg.170 kg atropine. Behar ren~orted a reduction
o)f up to 501% in sensitivity at freciuencies of 3, 9), and 16
cycles/de.qree (7). These findinqs are not in conformity
with our results, and additional research is indicated to
explain this dIiscrepancy.

The ef fects of atronine on vision may be due to a
decrease in the amlitude( of accommodation or to the reduced
optical qJUali'-v of the imacie seen through an ornlarged pupil.
The loss in vi sual functio:n due to reduced accommodatio:n is
ino.t arprir ont for ne~i r vi S ion)r andI in the ca so of uincorrec'te~d

hvnr'r~j. hrofu hours -iftr-r a doseqq of 4 mq/7n0 kri oI

itropine, one wo)uld expect an accommnodat ive los OS f .-1 most
3.5 diopters (2 . Recovery of accommodaition is incomplete at
24 hours. F'ull recovery is not seen u~ntil 48 hours fol lowinri
injection.

One should not expect a reduction in distance visual
function in subjects who either are emmetropic or are
rendered emmetropic by the use of spectacles, or who are

A uncorrected myopes. The amount of accommodation required at$ our test distance is approximately 0.33 diopters, a very
small amount, and one not expected to produce a siqni ficant
visual loss.

40 Atroninm-inducedo( visual l'5at our experin(ental

di stances i.; ;ocondiry to otiaIaertIfS1'Eml~nIn
mvriaisis. These includeli the veiling glare effect of the
increased linht transmitted to the retin, increased scatter
as more lioht nasses!7 through the crystalline le ns, .ind
decrease in the point spread function. These aberra-tions are
secondary to the imnerfections of the crystalline lens as an
optical mediuim. Other mechanisms inclule effects on the
neural pathways of vision and the ovorall mnalaise
oxperi pnod by nperons who receive? modlertt( t.o hi ~1 i)1fP
-fanchlnri'rmr.



Penetar and Kearney - 5

Our results indicate that under these conditions the
visual system remains essentially intact. Perhaps a
significant loss would be encountered under different
conditions, such as performance of the test outdoors in
bright sunlight or in an environment where glare from
additional sources is present.

The contrast sensitivity function measures overall
visual function. It is useful in assessing drug and other
physiological and environmental effects. Altered thresholds
may affect a soldier's ability to perform adequately in the
field when required to detect and identify landmarks or
camouflaged tarcets. If the growing threat of chemical
weapons is to be countered with druas such as atropine, an
in-depth analysis of this and other anticholinerqic drugs'
effects on vision must proceed in both the laboratory and
the field.
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